Background Distal gastrectomy with Billroth-I reconstruction (DGBI) is the most commonly used treatment approach for gastric cancer patients in Japan. The aim of this study was to assess and elucidate the effect of different surgical DGBI techniques on postgastrectomy syndrome (PGS) using the Postgastrectomy Syndrome Assessment Scale-45 (PGSAS-45). Methods The newly created PGSAS-45 composed of 45 questions was used in this study. The scale was distributed to 2,922 patients who underwent gastrectomy [1 year prior. Completed forms were returned by 2,520 patients (86 %), of which 909 underwent DGBI. The effects of performing the Kocher maneuver, differences in the size of the gastric remnant and differences the anastomosis technique had on the main outcome measures of PGSAS-45 were analyzed.
Introduction
Gastric cancer is the most prevalent form of cancer in Japan and in recent years the percentage of patients with early-stage cancer has increased. Gastrectomy is commonly performed and in the cases of early-stage cancer the prognosis is extremely satisfactory, with a 5-year survival rate of C90 percent [1] . However, the issue of postgastrectomy syndrome (PGS) experienced by gastrectomy patients who have undergone radical therapy is a serious long-term problem. In addition to decreased oral intake and weight loss due to a reduction in the size of the stomach or total loss of the stomach, PGS symptoms such as dumping syndrome, which includes both systemic and abdominal symptoms, have an effect on long-term postoperative quality of life (QOL). Elucidating the status of PGS and the correlation with gastrectomy is important in the selection of appropriate surgical techniques and methods for the prevention and appropriate treatment of PGS.
A working group was formed in 2006 to standardize the assessment methods of PGS. This working group created the Postgastrectomy Syndrome Assessment Scale-45 (PGSAS-45) for use in comprehensive assessment of postgastrectomy symptoms, living status and QOL [2] . A nationwide, multi-institutional, collaborative, cross-sectional postgastrectomy syndrome assessment study was conducted using this scale. The present study assessed the effect of surgical techniques used in distal gastrectomy with Billroth-I reconstruction (DGBI) on PGS; DGBI is the most commonly used treatment approach for gastric cancer patients in Japan.
Patients and methods
Fifty-two member facilities of the Japanese Postgastrectomy Syndrome Working Party (JPGSWP) participated in this study. Patient inclusion criteria were as follows: (1) gastric cancer patients with pathologically confirmed stage IA or IB disease; (2) patients between 20 and 75 years; (3) patients who underwent gastrectomy for the first time; (4) patients who were not treated with chemotherapy; (5) patients without any recurrence or distant metastasis; (6) patients with an interval of one year or longer after gastrectomy; (7) physical status 0 or 1; (8) fully capable of understanding and responding to the questionnaire; (9) without any other disease or previous surgery which may influence the results of questionnaire more than gastrectomy; (10) without any organ failure or mental disease; and, (11) written informed consent with date and signature of the said person. Patients with active dual malignancy and who underwent concomitant resection of other organs due to another disease were excluded; co-resection equivalent to cholecystectomy was the exception.
We used the newly created PGSAS-45 to assess PGS in this study [2] . This scale is composed of questions pertaining to 45 items. This includes 8 items from the existing SF-8 scale [3] , 15 items from the Gastrointestinal Symptom Rating Scale (GSRS) [4] and 22 items judged to be clinically important and newly selected by surgeons in the JPGSWP. Specifically, there are 8 items pertaining to general postgastrectomy symptoms, 2 items pertaining to the type and number of dumping syndromes, 8 items pertaining to the amount of oral intake and quality of ingestion, 1 item pertaining to working (job) conditions and 3 items pertaining to the level of dissatisfaction with daily life. The scale was distributed to the patients participating in this study and they returned the completed forms to the data center by mail. Factor analysis was performed on the data regarding standard gastrectomy (total gastrectomy and distal gastrectomy), and 23 symptom items of the data were clustered into the following 7 subscales (SSs): esophageal reflux, abdominal pain, meal-related distress, indigestion, diarrhea, constipation and dumping. In addition, the total symptom score, quality of ingestion SS, quantity of each meal, necessity for additional meals, dissatisfaction with symptoms, meals and work, as well as dissatisfaction with daily life SS, the physical component summary (PCS), the mental component summary (MCS) from the SF-8 and percentage of change in body weight were analyzed as the main outcome measures. The SS scores represented the average scores for the component items and the total symptom score was calculated from the average of the 7 SS scores. Background data, including patient attributes such as age at the time of administration of the scale, sex, height, and weight, as well as the degree of lymphadenectomy, approach used, detailed surgical method, postoperative period, and other background data were collected from the patients' medical records. This study was registered with the University Hospital Medical Information Network (UMIN) Clinical Trials Registry (No. 000002116). This study was approved by the local ethics committees at each institution.
The scale was distributed to 2,922 patients between July 2009 and December 2010. Completed forms were returned by 2,520 patients (86 %). Of the 2,520 patients from whom data was obtained 152 were excluded from the study because of the following reasons: 90 were aged [75; \1 year had passed since surgery for 29; 8 had combined resections; and 25 were in the ''other'' category. Thus, 2,368 patients were determined to be qualified, of which 393 underwent total gastrectomy, 909 underwent DGBI, 475 underwent distal gastrectomy with Roux-en-Y reconstruction, 313 underwent pylorus-preserving gastrectomy, 193 underwent proximal gastrectomy and 85 underwent local resection. In this study 909 patients who underwent DGBI were selected for the analysis and effects of performing the Kocher maneuver, differences in the size of the gastric remnant and differences in the anastomosis technique on the main outcome measures were analyzed. The patients whose data of each procedure could not be corrected from the patients' medical records were excluded from each analysis, thus the total number of patients in each analysis resulted in less than 909.
Comparison of the main outcome measures was performed using the t test, with significant differences set at p \ 0.05. Multi-group comparisons were conducted using analysis of variance (ANOVA) and Bonferroni-Dunn multiple comparisons were used in cases in which p \ 0.1. When multiple comparisons were performed among 3 groups statistical significance was set at p \ 0.0167. As a measure of the meaning of the magnitude of the differences, Cohen's d, which is defined as the difference between two means divided by a standard deviation for the data, were calculated as the effect sizes. To interpret effect sizes we followed the suggestion of Cohen [5] and regarded a Cohen's d C0.2 and \0.5 as being small, C0.5 and \0.8 as moderate and C0.8 as large. Statistical analyses were performed by the biostatisticians mainly using StatView for Windows Ver. 5.0 (SAS Institute Inc.).
Results

Patient and surgical background
The average patient age at the time of completing the questionnaires was 61.6 years and the average postoperative observation period was 40.7 months. Approximately 45 percent of the patients underwent laparoscopic surgery, and in approximately 15 percent patients the celiac branch of the vagus nerve was preserved. Table 1 shows additional patient details.
Kocher maneuver
Comparison of the main outcome measures was conducted between patients in whom the Kocher maneuver was performed and those in whom it was not. In the Kocher maneuver patients significantly worse mealrelated distress, poorer quality of ingestion and less satisfactory PCS and MCS were reported. No significant differences were observed for any of the other assessment items ( Table 2) .
Size of remnant stomach
To assess the effect of the size of the gastric remnant on the main outcome measures gastric remnant sizes were divided into the following 3 groups: C1/2, approximately 1/3 and B1/4. The size of the gastric remnant had a significant effect on the diarrhea SS and patients with larger gastric remnants showed better scores on the diarrhea SS (Table 3) .
Multiple comparisons were conducted on the diarrhea SS, necessity for additional meals and dissatisfaction with meals. Compared with the B1/4 stomach remnant group, the C1/2 stomach remnant group scored significantly better on the diarrhea SS (p = 0.0025). Though the significance levels between the C1/2 group and the 1/3 group (p = 0.033), and between the 1/3 group and the B1/4 group (p = 0.035) were marginal in the Bonferroni-Dunn multiple comparisons, the Cohen's d values revealed small but clinically meaningful effect sizes (0.46 and 0.27, respectively). There was no significant difference between the C1/2 and 1/3 groups for the necessity for additional meals or between the B1/4 and C1/2 groups for dissatisfaction with meal; however, in both cases the C1/2 group showed a slightly better trend. No significant differences were observed for any of the other assessment items.
Anastomosis technique
We assessed whether sutured (hand-sewn) anastomosis (n = 336), CS anastomosis (n = 183) and linear stapler (LS) anastomosis (n = 66) had an effect on the main outcome measures for patients in whom end-to-end B-I reconstruction was performed between the remnant stomach and the duodenum. The method of anastomosis had no significant effect on the main outcome measures.
We assessed whether performing end-to-end (n = 183) or side-to-end (n = 295) anastomosis between the gastric remnant and the duodenum had any effect on the main outcome measures for patients who underwent B-I reconstruction using the CS. There was no statistically significant difference on the main outcome measures between two above-mentioned procedures.
Discussion
In Japan more than half of the gastric cancer cases occur in the distal stomach; thus, distal gastrectomy is the most commonly performed procedure. Performing anastomosis in only 1 location is simple and it is the most physiologically appropriate approach because it allows food to pass through the duodenum [6] . Therefore, B-I reconstruction is the preferred post-distal gastrectomy reconstruction technique. The purpose of this study was to assess and elucidate the effect of different surgical techniques on PGS in cases in which DGBI, the most commonly performed gastric cancer surgical procedure in Japan, was performed.
Regardless of whether surgery was performed or anticancer drugs were administered, the effectiveness of treatment and post-treatment symptoms were evaluated using a patient-reported outcome (PRO) health-related quality of life (HRQOL) assessment. HRQOL was measured using a questionnaire. However, to determine if the resulting data are clinically useful, the method's validity, reliability and reproducibility must be verified. Thus, we used EORTC QLQ-C30 [7, 8] , QLQ-STO22 [9, 10] , SF-36 [11] , GSRS [4] and other QOL questionnaires whose reliability and validity have been verified. However, because these questionnaires were not designed to assess PGS, they may not be able to fully assess the symptoms that are particular to postgastrectomy patients or the functional disabilities in daily life that are experienced by postgastrectomy patients. Thus, to perform a comprehensive assessment of PGS, JPGSWP developed the PGSAS-45 and assessed its validity [2] . In addition, this scale was also used to compare PGS between Billroth-I and Roux-en-Y procedures following distal gastrectomy [12] . The present study used PGSAS-45 to assess the effect of the Kocher maneuver, the size of the gastric remnant and the anastomosis technique on postgastrectomy symptoms, living status and QOL in cases in which DGBI was performed. The Kocher maneuver is a procedure in which an incision is made in the retroperitoneum on the right side of the descending duodenum, and then the duodenum and the head of the pancreas are mobilized to the left. It was originally reported as a maneuver to mobilize the duodenum that was performed by Kocher during a gastroduodenal anastomosis in 1903 [13, 14] . The Kocher maneuver is sometimes performed during gastrectomy for gastric cancer to confirm enlargement of and sample the paraaortic lymph node and to reduce the strain on the anastomotic site when performing B-I reconstruction. However, there have been no studies on the effect of the Kocher maneuver on PGS. The present study showed that performance of the Kocher maneuver results in poor scores for meal-related distress and quality of ingestion SS as well as poor scores for PCS and MCS from the SF-8. Meal-related In ANOVA a p value less than 0.05 was considered statistically significant
In Bonferroni/Dunn multiple comparisons a p value \0.0167 was considered statistically significant
Interpretation of effect size in Cohen's d: C0.20 as small, C0.50 as medium, C0.80 as large Quality of life (QOL) evaluation after DGBI using PGSAS-45 679 distress is composed of the following symptom items: sense of food sticking, postprandial fullness and early satiation. As a result of the Kocher maneuver, the duodenum is moved to the left of its normal position, is elongated [13] and lies on the abdominal side when the patient is in a supine position. In other words, the duodenum locates higher than the gastric remnant. Such a morphological physical change may affect gastric emptying and other functions of the gastric remnant and increase meal-related distress. However, the specific mechanisms are currently unknown. In the future, elucidation of this mechanism through the gastrointestinal function tests such as a gastric emptying study would be informative. On the other hand, it is currently difficult to provide a proper explanation for why the Kocher maneuver leads to poor scores on the quality of ingestion SS that is composed of appetite, hunger, and satiety, as well as on PCS and MCS. It is possible that factors other than the explanatory variables assessed in this study may be involved. This issue will require further investigation. The Kocher maneuver is a useful technique when there is tension on the sutures of the anastomotic site of a B-I reconstruction; however, PGS could be worsened by employing this technique, therefore it should be applied minimally when it is required. Regarding the extent of resection of the gastric wall, the Japanese gastric cancer treatment guidelines [15] stipulate ''Standard gastrectomy involves resection of at least two-thirds of the stomach with D2 lymph node dissection''. The guidelines also mention non-standard gastrectomy in which the extent of gastric resection and/ or lymphadenectomy is altered according to the tumor characteristics. In cases of early-stage gastric cancer modified surgery is performed, in which the extent of gastric resection and/or lymph node dissection is reduced. However, few studies have investigated the relationship between the size of the gastric remnant and PGS. Nomura et al. reported that in cases of early-stage gastric cancer, compared with the 1/2 and 1/3 gastric remnant DGBI patient group, patients in the 1/2 gastric remnant group showed improved food intake, little postoperative weight loss and few abdominal symptoms such as diarrhea and abdominal pain [16] . It is believed that in cases of B-I reconstruction if the gastric remnant is large the gastric reservoir capacity is preserved, which helps to maintain a nutritional status and body composition. In the present study the larger the gastric remnant the lower was the percentage of weight loss. However, this result was not statistically significant. In the study by Nomura et al. weight measurements were taken \1 year after surgery; however, in the present study, weight measurements were taken on average [3 years after surgery. The present study includes data showing improvement in postoperative weight loss for a long postoperative period; therefore, we believe that there was no significant difference in the percentage of weight loss because of the size of the gastric remnant.
On the other hand, patients with larger gastric remnants showed improved scores on the necessity for additional meals and the meal dissatisfaction SS. Scores on the diarrhea SS were also significantly better. Our comparison of the C1/2 gastric remnant group and the B1/4 gastric remnant group showed a moderate effect on the diarrhea SS scores. There are multiple explanations regarding the causes of postgastrectomy diarrhea [17] . One of these is rapid gastric emptying. Because foods with high osmolality immediately flow directly into the small intestine after ingestion in postgastrectomy patients it is believed that intestinal peristalsis is accelerated and intestinal contents increase, resulting in diarrhea [18] . It is therefore highly possible that smaller gastric remnants and a reduced gastric reservoir capacity result in increased diarrhea. The influence of these factors is considered to result in persistent diarrhea for a relatively long postoperative period. The results of this study thus show that it is possible for patients with larger gastric remnants to have satisfactory PGS scores over a long term when DGBI is performed as long as there are no oncological problems such as early-stage gastric cancer.
Advances in automatic suturing devices and the widespread use of laparoscopic surgery have led to development and use of a variety of anastomosis methods even when B-I reconstruction is performed after distal gastrectomy. However, there is no clear evidence indicating whether hand sewing or machine sewing is preferable or end-to-end or side-to-end anastomosis is preferable and debate over these issues continues. Few studies have investigated the influence of the method or type of anastomosis (side-toside vs. end-to-end) on PGS in cases of B-I reconstruction after distal gastrectomy. Kaiho et al. [19] compared sideto-end anastomosis with end-to-end anastomosis and reported that although side-to-end anastomosis showed satisfactory motility in the gastric remnant, there was no difference in gastric emptying. Takahashi et al. [20] compared mechanically stapled anastomosis (side-to-end) with hand-sewn anastomosis (end-to-end) and found that, although there was more residual stomach content in cases of mechanical stapled anastomosis when investigated using the Residue, Gastritis, Bile (RGB) classification via endoscopy 1 year after surgery, there was no significant difference in the frequency of gastritis and bile reflux. Endoscopic findings were not investigated in this study and the time from surgery until completion of the questionnaire was long, with an average of[3 years after surgery. A long time after surgery, the effect of the anastomotic technique on PGS, living status and QOL is either non-existent or minimal.
This study has some limitations. Since the nature of this study was a retrospective explanatory study rather than a randomized controlled trial there was a certain imbalance in the number of patients and also a possible difference in patient characteristics among groups. Another limitation is that it was difficult to provide rational explanations for all results. PGS varies widely among individuals and is influenced by a variety of physical and functional factors. However, there have been no multi-institutional collaborative studies that have attempted to examine as many symptoms as this study for a single surgical procedure. Because the results of this study are generally consistent with our clinical experience we believe the results are reliable to a certain extent. In addition, the data from this study are the results of assessments of symptoms C1 year after surgery and indicate PGS observed over a relatively long period of C3 years after surgery. We believe that these data are extremely valuable in the quest to understand the long-term postoperative effects of techniques using DGBI. To determine the most appropriate gastrectomy technique from a PGS perspective investigation of the underlying pathophysiology via gastrointestinal function tests, such as a gastric emptying study, and further prospective studies, such as a randomized controlled trial, focusing on these issues may be required.
In conclusion, we performed an assessment of post-DGBI long-term symptoms using the PGSAS-45. The results of this study indicate that in cases of DGBI the performance of the Kocher maneuver increases meal-related distress, reduces the quality of ingestion and imparts a negative effect on QOL. In addition, the data suggest that larger gastric remnants may reduce diarrhea and improve meal-related scores. On the other hand, we found no evidence that differences in the method or type of anastomosis had an effect on postgastrectomy disorders.
